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LIQUID CRYSTAL DISPLAY DEVICE AND 
METHOD OF DRIVING A LIQUID CRYSTAL 

DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a liquid crystal display 

device, and more particularly to a liquid crystal display 
device using thin ?lm transistors (TFTs) formed on a trans 
parent substrate made of glass, plastic, or the like and a 
driving method thereof. In addition, the present invention 
relates to electronic equipment using the liquid crystal 
display device. 

2. Description of the Related Art 
In recent years, mobile telephones have become Wide 

spread due to development of communication technology. In 
future, moving picture transmission and a larger amount of 
information transfer are further expected. With respect to a 
personal computer, products for mobile applications are 
manufactured due to a reduction in Weight thereof. A large 
number of information terminals called PDAs started With 
electronic notebooks are also manufactured and becoming 
Widespread. In addition, With the development of display 
devices and the like, most of portable information devices 
are equipped With a ?at panel display. 

According to recent techniques, an active matrix display 
device tends to be used as a display device used therefor. In 
the active matrix display device, a TFT is arranged in each 
pixel and a screen is controlled by the TFTs. Compared to a 
passive matrix display device, such an active matrix display 
device has advantages in that it achieves high performance 
and high image quality and can handle moving pictures. 
Thus, it is considered that mainstream liquid crystal display 
devices Will also change from passive matrix types to active 
matrix types. 

Also, of active matrix display devices, in recent years, 
commercialization of a display device using loW tempera 
ture polysilicon is progressing. With loW temperature poly 
silicon, not only the pixels but also the driver circuit can be 
integrally formed on the periphery of the pixel portion, and 
as miniaturization and high de?nition of the display device 
is possible, it is expected that the display device using loW 
temperature polysilicon Will become even more Widespread. 
A description is given beloW on the operation of a pixel 

portion in an active matrix liquid crystal display device. 
FIG. 3 shoWs an example of the structure of an active matrix 
liquid crystal display device. One pixel 302 is composed of 
a source signal line S1, a gate signal line G1, a capacitance 
line C1, a pixel TFT 303, and storage capacitor 304. The 
capacitance line is not alWays necessary if other Wire can 
double as the capacitance line. A gate electrode of the pixel 
TFT 303 is connected to the gate signal line G1. One of a 
drain region and a source region of the pixel TFT 303 is 
connected to the source signal line S1 Whereas the other is 
connected to the storage capacitor 304 and a pixel electrode 
305. 

Gate signal lines are selected sequentially in accordance 
With line cycle. If the pixel TFT is an n-channel TFT, setting 
the gate signal line Hi renders the line active and turns the 
pixel TFT ON. As the pixel TFT is turned ON, the electric 
potential of the source signal line is Written in the storage 
capacitor and in a liquid crystal. In the next line period, the 
adjacent gate signal line becomes active and the electric 
potential of the source signal line is Written in the storage 
capacitor and the liquid crystal in a similar fashion. 
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2 
Described next is the operation of a source line driving 

circuit. FIG. 2 shoWs an example of a conventional source 
signal line driving circuit. The source signal line driving 
circuit in FIG. 2 is for analog type dot sequential driving. In 
this example, the source signal line driving circuit is com 
posed of a shift register 201, a NAND circuit 207, a buffer 
circuit 208, and an analog sWitch 209. First, a source start 
pulse SSP is inputted to the ?rst stage of the shift register 
through a sWitch 206. The sWitch 206 determines the scan 
ning direction of the shift register. Scanning is made from 
left to right in FIG. 2 When SL/R is Lo and from right to left 
When SL/R is Hi. A DFF 202 constitutes each stage of the 
shift register. The DFF 202 is composed of clocked inverters 
203 and 204 and an inverter 205, and shifts pulses each time 
clock pulses CL and CLb are inputted. 

Output of the shift register is inputted to the buffer circuit 
208 through the NAND circuit 207. Output of the buffer 
circuit turns the analog sWitches 209 to 212 ON for sampling 
of video signals directed to source signal lines S1 to S4. 
A middle- or small-siZed liquid crystal panel can be 

operated by the dot sequential driving described above. 
HoWever, in a large-siZed liquid crystal panel, dot sequential 
driving cannot provide su?icient time for Writing of source 
signal lines because the Wire capacitance of the source signal 
lines is about 100 pF and delay time of the source signal 
lines themselves is too great. Then, it becomes impossible to 
perform Writing. Therefore, a large-siZed panel needs linear 
sequential driving in Which data is temporarily stored in a 
memory Within the source signal line driving circuit and 
then Written in a source signal line during the next one line 
period. 

Such linear sequential driving needs analog bu?‘er circuits 
placed doWnstream of the memory. An example of a source 
signal line driving circuit adaptable to linear sequential 
driving is shoWn in FIG. 4. Analog sWitches 401 to 404 
operate in the same Way as the analog sWitches do in the dot 
sequential source signal line driving circuit shoWn in FIG. 2. 
Unlike FIG. 2 Where the analog sWitches drive source signal 
lines, the analog sWitches 401 to 404 drive capacitors 405 to 
408, Which serve as analog memories. As one line of data are 
sequentially stored in the analog memories, TRN and TRNb 
signals become active in the next retrace period to turn 
analog sWitches 409 to 412 ON. This starts transfer of the 
data in the analog memories 405 to 408 to analog memory 
capacitors 413 to 416. 

Then, the analog sWitches 409 to 412 are turned OFF 
before the analog sWitches 401 to 404 are turned ON in 
preparation for the next sampling. The data in the analog 
memories 413 to 416 are outputted to source signal lines S1 
to S4 through the analog buffer circuits 417 to 420. The data 
in the analog memories 413 to 416 are kept for one line 
period and therefore analog buffer circuits 417 to 420 are 
alloWed to take one line period to charge the source lines. In 
this Way, linear sequential driving in a large-siZed panel is 
made possible by analog memories and analog bulfer cir 
cuits. 

HoWever, When analog bulfer circuits in a large-siZed 
panel are constituted of TFTs, ?uctuation among the analog 
bulfer circuits is a problem. Fluctuation among the analog 
bulfer circuits causes output ?uctuation even though video 
signals of the same gray scale are inputted. As a result, 
vertical streaks appear on the screen loWering the image 
quality considerably. 
When loW temperature polycrystalline silicon is used to 

manufacture a liquid crystal display device, a driver circuit 
is integrally formed. HoWever, transistors of this driver 
circuit are more ?uctuated than those in a driver circuit that 
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is formed of single crystal silicon. This is supposedly due to 
uneven crystallization and damage by electrostatic during 
the process. When a driving circuit is formed taking into 
consideration such ?uctuation, the ?uctuation is more obvi 
ous in a component that conducts analog operation, in 
particular, analog bu?cer circuits, than in the logic portion. 

In the conventional source signal line driving circuit 
shoWn in FIG. 4, a voltage di?‘erence betWeen the output 
voltage of each analog bu?er circuit and the average of 
output of plural analog bu?er circuits is obtained. A voltage 
di?‘erence betWeen the mean output value and an analog 
bu?er circuit output A is given as AVA. Similarly, voltage 
di?erences betWeen the mean output value and analog bu?er 
circuit outputs B, C, and D are given as AVB, AVC, and 
AVD, respectively. When AVA is +100 mV, AVB is —l00 
mV, AVC is —50 mV, and AVD is +30 mV, the di?‘erence 
betWeen the source signal lines S2 and S3 is 50 mV Whereas 
the di?‘erence betWeen the source signal lines S1 and S2 is 
200 mV, Which is large enough for human eyes to recognize 
the gray scale di?‘erence. 

SUMMARY OF THE INVENTION 

The present invention has been made to solve the above 
problems, and an object of the present invention is therefore 
to provide a liquid crystal display device Which is reduced 
in luminance ?uctuation by interposing sWitches betWeen 
analog bu?er circuits and source signal lines to sWitch 
outputs. This averages output ?uctuation among the analog 
bu?er circuits time-Wise, and display unevenness is thus 
made inconspicuous. 

The structure of the present invention is shoWn beloW. 
According to the present invention, there is provided a 

liquid crystal display device having on an insulating sub 
strate a plurality of source signal lines, a plurality of gate 
signal lines, a plurality of pixels, and a source signal line 
driving circuit for driving the source signal lines, character 
ized in that the source signal line driving circuit has a 
plurality of analog bu?er circuits, and the source signal lines 
connected to the analog bu?er circuits are periodically 
sWitched by the sWitching circuits their connections to 
di?‘erent analog bu?er circuits. 

According to the present invention, there is provided a 
liquid crystal display device having on an insulating sub 
strate a plurality of source signal lines, a plurality of gate 
signal lines, a plurality of pixels, and a source signal line 
driving circuit for driving the source signal lines, character 
ized in that the source signal line driving circuit has a 
plurality of analog bu?er circuits, and the source signal lines 
are sWitched by the sWitching circuits their connections to 
di?‘erent analog bu?er circuits in a random timing. 

According to the present invention, there is provided a 
liquid crystal display device having on an insulating sub 
strate a plurality of pixels, a plurality of source signal lines, 
a plurality of gate signal lines, and a source signal line 
driving circuit, the source signal line driving circuit having 
analog bu?er circuits to drive the source signal lines, char 
acterized in that a set of n (n is a natural number that satis?es 
2én) periods is repeated periodically, and in an r-th period 
(r is a natural number that satis?es lérén), an m-th source 
signal line (In is a natural number that satis?es lém) is 
connected to an (m+r—l)-th analog buffer circuit. 

According to the present invention, there is provided a 
liquid crystal display device having on an insulating sub 
strate a plurality of pixels, a plurality of source signal lines, 
a plurality of gate signal lines, and a source signal line 
driving circuit, the source signal line driving circuit having 
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4 
analog bu?er circuits to drive the source signal lines, char 
acterized in that a set of n (n is a natural number that satis?es 
2én) periods is repeated in a random timing, and Wherein, 
in an r-th period (r is a natural number that satis?es l éré n), 
an m-th source signal line (In is a natural number that 
satis?es lém) is connected to an (m+r—l)-th analog bu?er 
circuit. 

In the above-mentioned structure of the present invention, 
it is characterized in that the analog bu?er circuits are source 
folloWer circuits or voltage folloWer circuits. 

According to the present invention, there is provided a 
method of driving a liquid crystal display device having on 
an insulating substrate a plurality of source signal lines, a 
plurality of gate signal lines, a plurality of pixels, and a 
source signal line driving circuit for driving the source 
signal lines, characterized in that the source signal line 
driving circuit has a plurality of analog bu?er circuits, and 
the source signal lines are periodically driven by di?‘erent 
analog bu?er circuits. 

According to the present invention, there is provided a 
method of driving a liquid crystal display device having on 
an insulating substrate a plurality of source signal lines, a 
plurality of gate signal lines, a plurality of pixels, and a 
source signal line driving circuit for driving the source 
signal lines, characterized in that the source signal line 
driving circuit has a plurality of analog bu?er circuits, and 
the source signal lines are driven by di?‘erent analog bu?er 
circuits in a random timing. 

According to the present invention, there is provided a 
method of driving a liquid crystal display device having on 
an insulating substrate a plurality of pixels, a plurality of 
source signal lines, a plurality of gate signal lines, and a 
source signal line driving circuit, the source signal line 
driving circuit having analog bu?er circuits to drive the 
source signal lines, characterized in that a set of n (n is a 
natural number that satis?es 2én) periods is repeated peri 
odically, and in an r-th period (r is a natural number that 
satis?es lérén), an m-th source signal line (m is a natural 
number that satis?es lém) is driven by an (m+r—l)-th 
analog bu?er circuit. 

According to the present invention, there is provided a 
method of driving a liquid crystal display device having on 
an insulating substrate a plurality of pixels, a plurality of 
source signal lines, a plurality of gate signal lines, and a 
source signal line driving circuit, the source signal line 
driving circuit having analog bu?er circuits to drive the 
source signal lines, characterized in that a set of n (n is a 
natural number that satis?es 2én) periods is repeated in a 
random timing, and in an r-th period (r is a natural number 
that satis?es lérén), an m-th source signal line (In is a 
natural number that satis?es lém) is driven by an (m+r— 
l)-th analog bu?er circuit. 

In the above-mentioned method of driving a liquid crystal 
display device of the present invention, it is characterized in 
that the analog bu?er circuits are source folloWer circuits or 
voltage folloWer circuits. 

Through the above structure and method, vertical streaks 
are prevented from being displayed on the screen even When 
analog bu?er circuits built on an insulating substrate are 
?uctuated in output. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying draWings: 
FIG. 1 is a block diagram of a source signal line driving 

circuit in a liquid crystal display device of the present 
invention; 


















